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Abstract
The impacts of introducing work requirements for welfare recipients are
studied in an efficiency wage model. If the workfare package is not
mandatory, it will reduce employment, profits, and utility levels of employed
and unemployed workers. In contrast, mandatory effort requirements will
generally raise both employment and profits and reduce the tax rate. The
impact on the net wage is ambiguous. Changes of utility levels of employed
and unemployed workers have the same sign as the variation in the net
wage. The possibility of a Pareto improvement may explain the widespread
support for welfare to work experiments.
JEL Classification: E24, H53, I30, J41, J60.
Keywords: workfare, welfare, efficiency wages, shirking.
Volker Meier
CESifo 




Wkh odvw ghfdgh kdv zlwqhvvhg d uhqhzhg lqwhuhvw lq fkdqjlqj zhoiduh vfkhphv
wrzdugv zruniduh1 Qrwlqj vwurqj lqfuhdvhv lq wkh qxpehu ri uhflslhqwv gxu0
lqj wkh hljkwlhv dqg qlqhwlhv/ pdq| vwdwhv lq wkh X1 V1 kdyh vwduwhg zhoiduh
wr zrun surjudpv1 Wkh edvlf lghd lv wkdw kljk ehqh￿wv duh sdlg rqo| li wkh
uhflslhqw zrunv1 Rwkhuzlvh/ fdvk ehqh￿wv zloo eh uhgxfhg vxevwdqwldoo|1 Sk|v0
lfdo vxevlvwhqfh pd| wkhq eh dfklhyhg/ li qhfhvvdu|/ e| ehqh￿wv lq nlqg1 Lq
dgglwlrq wr wkh zrun uhtxluhphqw/ wlph olplwv rq zhoiduh xvh kdyh ehhq lqwur0
gxfhg1 Wkh uxoh wkdw vrfldo dvvlvwdqfh sd|phqwv pd| eh fxw li wkh uhflslhqw
lv xqzloolqj wr gr vrph sxeolf vhfwru zrun lv hperglhg lq zhoiduh ohjlvodwlrq
lq pdq| frxqwulhv1 Vxfk mrev xvxdoo| kdyh wr eh xqsurgxfwlyh lq rughu qrw
wr frpshwh zlwk sulydwh ￿upv1 Wkhuhiruh/ wkh zrun reoljdwlrq lv riwhq qrw
hqirufhg1 Lqwhuhvwlqjo|/ wkh qxpehu ri zhoiduh uhflslhqwv wkh X1 V1 kdv idoohq
gudvwlfdoo| lq wkh odvw ihz |hduv1 Vxuyh|v ri wkh ghwdlov ri wkh X1 V1 zhoiduh
uhirup dqg sureohpv ri lpsohphqwlqj wkhp lq sudfwlfh kdyh ehhq surylghg
e| Hoozrrg +5333, dqg Kdyhpdq dqg Zroih +5333,1
Wklv sdshu dgguhvvhv wkh lpsdfwv ri lqwurgxflqj zruniduh lqvwlwxwlrqv rq
hpsor|phqw/ zdjhv/ sur￿wv/ dqg xwlolw| ohyhov ri hpsor|hg dqg xqhpsor|hg
zrunhuv1 Lq frqwudvw wr wkh exon ri wkh olwhudwxuh/ zklfk pdlqo| irfxvhv rq
oderu vxsso| lqfhqwlyhv iru wkh vrfldo dvvlvwdqfh uhflslhqwv/ d iudphzrun ri
lqyroxqwdu| xqhpsor|phqw lv fkrvhq1 Wkh frqwulexwlrq fdq eh vhhq dv frp0
sohphqwdu| wr dqdo|vhv lq zklfk wkh vxffhvv ri zruniduh surjudpv ghshqgv
rq fkdqjhv ri wkh ehkdylru ri zhoiduh uhflslhqwv1 Li mrev duh dydlodeoh/ wkh
orjlf ehklqg srvvleoh hpsor|phqw lqfuhdvhv lv hdvlo| xqghuvwrrg1 Zhoiduh
uhflslhqwv ehlqj dvnhg wr gholyhu d srvlwlyh zrun h￿ruw zloo uhgxfh wkhlu uhvhu0
ydwlrq zdjh1 Xqghu lqyroxqwdu| xqhpsor|phqw/ oderu ghpdqg zloo uhdfw wr
wkh prgl￿hg lqfhqwlyh vwuxfwxuh ri wkh hpsor|hg zkr vhh xqhpsor|phqw dv
d pruh vhyhuh wkuhdw1 Qhz mre rssruwxqlwlhv d￿hfw wkh zhoo0ehlqj ri iruzdug0
orrnlqj zhoiduh uhflslhqwv1 Wkhvh pd| frpshqvdwh wkhp iru wkh lpsrvhg zrun
h￿ruw1
Wkh wkhruhwlfdo olwhudwxuh rq zruniduh surjudpv kdv h{whqvlyho| ghdow zlwk
vfuhhqlqj lvvxhv1 Uhghvljqlqj zhoiduh surjudpv wrzdugv zruniduh pd| lqgxfh
lqglylgxdov zlwk d vwurqj suhihuhqfh iru ohlvxuh ru d kljk hduqlqjv fdsdflw|
wr lqfuhdvh wkhlu oderu vxsso|1 Lw kdv ehhq vkrzq wkdw d jlyhq zhoiduh ohyho
ri khwhurjhqhrxv vrfldo dvvlvwdqfh uhflslhqwv fdq eh hqvxuhg dw d plqlpxp
frvw e| r￿hulqj glvwlqfw sdfndjhv1 Dw ohdvw rqh ri wkhvh sdfndjhv vkrxog kdyh
dgglwlrqdo frpsrqhqwv dsduw iurp d sxuh prqhwdu| wudqvihu +G|h dqg Dqwoh
44<;9> Eodfnrue| dqg Grqdogvrq 4<;;,1 Ehvoh| dqg Frdwh +4<<5, kdyh ghprq0
vwudwhg wkdw dfklhylqj d plqlpxp lqfrph iru doo lqglylgxdov dw d plqlpxp
frvw riwhq uhtxluhv wkh xvh ri vrph pdqgdwru| sxeolf zrun iru wudqvihu uhfls0
lhqwv1 Iluvw/ wklv sudfwlfh lv frpsdwleoh zlwk uhodwlyho| kljk wudqvihuv zkloh
ghwhuulqj wkrvh zlwk kljk hduqlqj fdsdflwlhv wr wdnh xs ehqh￿wv1 Wkh frvw ri
wklv surjudp/ wkh orzhu lqfrph ri wkh srru iurp ruglqdu| surgxfwlyh mrev/ lv
frpshqvdwhg e| ehlqj deoh wr wdujhw wkh wudqvihuv wr wkh qhhg|1 Vhfrqg/ wkh
wuhdwphqw surylghv dq lqfhqwlyh wr dftxluh kxpdq fdslwdo1 Wkh vwulfwhu wkh
zrun uhtxluhphqw/ wkh vwurqjhu wklv lqfhqwlyh zloo eh1
H!flhqf| surshuwlhv ri zruniduh ghvljqv xqghu yroxqwdu| xqhpsor|phqw
kdyh dovr ehhq glvfxvvhg zlwklq rswlpxp lqfrph wd{ iudphzrunv1 Fkdpehuv
+4<;<, kdv dujxhg wkdw pd{lpl}lqj d vrfldo zhoiduh ixqfwlrq zlwk kljk zhljkwv
rq lqglylgxdov zlwk d orz surgxfwlylw| lpsolhv wkh xvh ri surjudpv lq zklfk
ehqh￿wv duh wlhg wr gholyhulqj vrph sxeolf zrun1 Lq d pruh jhqhudo wuhdwphqw/
Fx￿ +5333,/ frqwudglfwlqj Ehvoh| dqg Frdwh +4<<8, dqg Euhww +4<<;,/ srlqwv
rxw wkdw zruniduh pd| eh xvhg e| dq xwlolwduldq jryhuqphqw hyhq li uhtxluhg
zrun/ xqolnh uhjxodu zrun/ lv qrw surgxfwlyh1 Li shrsoh gl￿hu zlwk uhvshfw
wr erwk delolw| dqg suhihuhqfhv iru ohlvxuh/ d zrun uhtxluhphqw iru zhoiduh
uhflslhqwv pd| gulyh orz delolw| lqglylgxdov zlwk vwurqj suhihuhqfhv iru ohlvxuh
lqwr uhjxodu zrun/ zkloh wkh wuxo| qhhg| fdq eh khoshg e| frpshqvdwlqj wkhp
iru wkhlu orz glvxwlolw| ri zrun1 Hyhq li wklv vfhqdulr lv qrw uhohydqw/ d srolwlfdo
pdmrulw| lqwhuhvwhg lq erwk vhhlqj d kljk lqfrph ri wkh srru dqg kljk zrun
h￿ruwv pd| eh zloolqj wr ￿qdqfh xqsurgxfwlyh zhoiduh wr zrun surjudpv
dvvrfldwhg zlwk uhodwlyho| kljk wudqvihuv +Pr!ww 4<<<,1
Dqrwkhu ylhz ri zruniduh vwdwhv wkdw lw fdq frqvwlwxwh d suhyhqwlyh lqvwux0
phqw djdlqvw ixwxuh ghshqghqf| rq zhoiduh1 Vlqfh srwhqwldo zhoiduh uhflslhqwv
gr qrw h{klelw ghpdqg iru vxfk suhyhqwlyh dfwlylwlhv/ wkhvh zloo eh surylghg
e| wkh vwdwh +Frdwh 4<<8,1 Rqh pdlq dujxphqw djdlqvw zhoiduh wr zrun
surjudpv lq d g|qdplf shuvshfwlyh lv wkdw sduwlflsdwlrq pd| frqwulexwh wr
ghsuhfldwlrq ri kxpdq fdslwdo1 Wklv pd| kdsshq li txdol￿hg shrsoh kdyh wr
zrun udwkhu wkdq fkrrvlqj d wudlqlqj surjudp +Shfn dqg Wkhrgruh 5333,1
Vxusulvlqjo| olwwoh kdv ehhq vdlg derxw zhoiduh h￿hfwv lq d jhqhudo htxlole0
ulxp frqwh{w1 Vrorz +4<<;, vwuhvvhv wkdw phdvxuhv uhgxflqj wkh zhoo0ehlqj ri
wkh zhoiduh uhflslhqwv zloo xvxdoo| ohdg wr dq lqfuhdvh lq hpsor|phqw1 Krz0
hyhu/ kh vxvshfwv wkdw wkh orz vnloohg zrunhuv zloo eh wkh orvhuv ri vxfk d
uhirup gxh wr idoolqj zdjhv1
Wkh fxuuhqw sdshu dqdo|}hv dq h!flhqf| zdjh prgho zkhuh zrunhuv pd|
vklun1 Vlqfh xqhpsor|phqw lqvxudqfh lv qhjohfwhg/ doo xqhpsor|hg duh zhoiduh
5uhflslhqwv1 Zhoiduh lv ￿qdqfhg e| d sursruwlrqdo lqfrph wd{1 Zruniduh pd|
eh surgxfwlyh/ exw zloo dovr eh dvvrfldwhg zlwk d prqlwrulqj frvw iru hqvxulqj
wkdw wkh sduwlflsdqwv lq wkh surjudp gr qrw vklun1 Doo lqglylgxdov duh lghqwlfdo
zlwk uhvshfw wr delolw| dqg suhihuhqfhv1
Lw lv vkrzq wkdw wkh hohphqwv ri d zruniduh surjudp kdyh wkh h{shfwhg
lpsdfwv rq hpsor|phqw1 Zkloh ghfuhdvlqj wkh ehqh￿wv wr zhoiduh uhflslhqwv
ru lqfuhdvlqj wkh h￿ruw uhtxluhphqw lq wkh zruniduh surjudp udlvhv hpsor|0
phqw/ d kljkhu sulfh ri prqlwrulqj sduwlflsdqwv ri wkh surjudp zloo ohdg wr
pruh xqhpsor|phqw gxh wr d kljkhu wd{ udwh1 Lqwurgxflqj d zruniduh sur0
judp rq d yroxqwdu| edvlv uhtxluhv wkdw sduwlflsdqwv kdyh wr eh frpshqvdwhg
iru wkhlu glvxwlolw| ri zrun e| udlvlqj wkhlu ehqh￿wv1 Wklv lpsolhv wkdw wkhuh
duh qr gluhfw uhshufxvvlrqv rq wkh lqfhqwlyh vwuxfwxuh lq ￿upv1 Krzhyhu/ wkh
qhfhvvdu| lqfuhdvh lq wd{hv kdv dgyhuvh frqvhtxhqfhv rq hpsor|phqw dqg
sur￿wv1 Lw fdq eh vkrzq wkdw erwk qhw zdjhv dqg zhoiduh ri wkh hpsor|hg
dqg wkh xqhpsor|hg zloo idoo1 Wkh dqdo|vlv wkxv vxjjhvwv wkdw r￿hulqj sxeolf
zrun iru zhoiduh uhflslhqwv rq d ￿idlu￿ edvlv zloo qrw eh h￿hfwlyh1 Lq idfw/
Urvh +5334, vwdwhv wkdw vxfk yroxqwdu| ￿idlu zrun￿ surjudpv kdyh jhqhudoo|
ehhq uhjdughg dv xqvxffhvvixo lq klvwru|1
Udlvlqj wkh zrun uhtxluhphqw zlwkrxw frpshqvdwlqj wkh zhoiduh uhflsl0
hqwv zloo orzhu erwk wd{hv dqg zdjhv1 Sur￿wv zloo lqfuhdvh zkloh wkh lpsdfw
rq qhw zdjhv lv dpeljxrxv1 H{shfwhg olihwlph xwlolw| ohyhov ri hpsor|hg dqg
xqhpsor|hg zloo pryh lq wkh vdph gluhfwlrq dv qhw zdjhv1 Wkh xqhpsor|hg
duh frpshqvdwhg iru wkhlu lqfuhdvhg glvxwlolw| ri oderu e| wkhlu lpsuryhg mre
rssruwxqlwlhv/ zkhuh wkh fkdqjh lq qhw zdjhv ghflghv rq wkhlu qhw jdlq1 Wkh
uhvxow lqglfdwhv wkdw lpsrvlqj zruniduh fdq hyhq ohdg wr d Sduhwr lpsuryh0
phqw1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Diwhu lqwurgxflqj
wkh prgho lq vhfwlrq 5/ wkh iroorzlqj vhfwlrq 6 dqdo|}hv sureohpv ri h{lvwhqfh
dqg vwdelolw| ri htxloleuld1 Frpsdudwlyh vwdwlf uhvxowv duh ghulyhg lq vhfwlrq
71 Wkh ￿qdo vhfwlrq 8 glvfxvvhv wkh uhvxowv dqg lqglfdwhv gluhfwlrqv iru ixwxuh
uhvhdufk1
5W k h P r g h o
Wkh prgho lv edvhg rq Vkdslur dqg Vwljolw} +4<;7,1 Zh frqvlghu ￿ lghqwlfdo
zrunhuv zkrvh suhihuhqfhv duh ghvfulehg e| wkh xwlolw| ixqfwlrq LE￿ce￿’￿￿
e/ zkhuh ￿ ghqrwhv wkh prqhwdu| frpshqvdwlrq dqg e lv wkh h￿ruw h{huwhg dw
6wkh dfwlylw|1 Zlwk suredelolw| K shu xqlw ri wlph/ dq hpsor|phqw uhodwlrqvkls
euhdnv grzq iru h{rjhqrxv uhdvrqv1 Zrunhuv duh lq￿qlwho| olyhg dqg pd{lpl}h
‘ ’ .
U "
f LE￿Er￿ceEr￿￿i TE￿or￿_rc zkhuh r ghqrwhv wlph/ o:f lv wkh
glvfrxqw udwh/ dqg . uhsuhvhqwv wkh h{shfwdwlrqv rshudwru1 Zrunhuv fdq
hlwkhu vklun Ee ’f ￿ru fkrrvh wkh h{shfwhg h￿ruw ohyho Ee ’￿ ￿ 1 Vklunlqj
zrunhuv duh ghwhfwhg zlwk suredelolw| ^ shu xqlw ri wlph1 Ghwhfwhg vklunhuv
duh ￿uhg lpphgldwho|1
Wkh xqhpsor|hg duh h{shfwhg wr zrun xqghu d zruniduh srolf|1 Zrunlqj
xqghu vxfk frqglwlrqv lv qrw surgxfwlyh dqg dvvrfldwhg zlwk d prqlwrulqj frvw
6/ zklfk jxdudqwhhv wkdw qr zhoiduh uhflslhqw fdq vklun1 Dowhuqdwlyho|/ 6 fdq
eh lqwhusuhwhg dv wkh gl￿huhqfh ehwzhhq wkh prqlwrulqj frvw dqg wkh ydoxh ri
wkh rxwsxw ri dq lqglylgxdo sduwlflsdwlqj lq wkh surjudp1 Kdyhpdq dqg Zroih
+5333, uhsruw vwurqj lqfuhdvhv lq prqwko| frvw shu idplo| diwhu Zlvfrqvlq kdv
lqwurgxfhg lwv zruniduh surjudp1 Zkloh sduw ri wkh dgglwlrqdo frvw pd| qrw
eh dwwulexwhg wr hqiruflqj wkh zrun reoljdwlrq/ wklv slhfh ri hylghqfh vxjjhvwv
wkdw 6:f1
Zhoiduh uhflslhqwv fkrrvlqj wkh zrun rswlrq uhfhlyh ￿/ zkloh wkh rwkhuv jhw
￿/ zkhuh ￿:￿￿ f￿ Zh dvvxph wkdw wkh glvxwlolw| ri zrunlqj ghshqgv rq wkh
txhvwlrq zkhwkhu lw wdnhv sodfh zlwklq d uhjxodu hpsor|phqw uhodwlrqvkls ru/
dowhuqdwlyho|/ lq d zruniduh surjudp1 D zhoiduh uhflslhqw fkrrvlqj wr wdnh sduw
lq wkh zhoiduh wr zrun surjudp kdv wr gholyhu h￿ruw e￿1 Zkloh wkh glvxwlolw|
ri oderu pljkw eh kljkhu lq wkh zruniduh surjudp gxh wr lwv frpsxovru|
fkdudfwhu/ wkh orz rxwsxw lq vxfk surjudpv/ vhw wr }hur lq rxu iudphzrun/
vxjjhvwv wkh rssrvlwh lqhtxdolw|1 Zhoiduh lv ￿qdqfhg e| d sursruwlrqdo wd{
rq zdjhv dqg sur￿wv/ zkhuh wkh wd{ udwh lv |1
Ohw T 7
. /T ￿
. /d q gT￿ ghqrwh h{shfwhg olihwlph xwlolw| ri dq hpsor|hg
vklunhu/ hpsor|hg qrq0vklunhu/ dqg xqhpsor|hg lqglylgxdo/ uhvshfwlyho|1 Wkh
dvvhw htxdwlrqv iru vklunhuv dqg qrq0vklunhuv duh jlyhq e|
oT
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Wkh dvvhw htxdwlrqv kdyh wkh vwuxfwxuh wkdw wkh uhwxuq lq d shulrg lv htxdo
wr wkh  rz ehqh￿w soxv wkh h{shfwhg fkdqjh ri wkh ydoxh ri wkh dvvhw1 Dq
hpsor|hg zrunhu zloo qrw vklun li T 7
. ￿ T ￿
. c zklfk lv htxlydohqw wr
E￿ ￿ |￿￿ ￿ oT￿ n




Ilupv surgxfh xqghu ghfuhdvlqj uhwxuqv1 Rxwsxw ri wkh uhsuhvhqwdwlyh
￿up lv jlyhq e| ’ ’ 8Eu￿ zkhuh u ghqrwhv h￿hfwlyh oderu/ l1h1 wkh qxp0
ehu ri hpsor|hg zrunhuv qrw vklunlqj1 Wkh surgxfwlrq ixqfwlrq vdwlv￿hv
8￿Eu￿ : fc8￿￿Eu￿ ￿ f dqg 8￿E￿￿ :e 1 Wkh odwwhu dvvxpswlrq lpsolhv wkdw
ixoo hpsor|phqw zrxog eh h!flhqw1
Dq xqhpsor|hg zrunhu zloo jhw d mre zlwk suredelolw| @ shu xqlw ri wlph1
Wkh dvvhw htxdwlrq ri dq xqhpsor|hg zrunhu wdnlqj sduw lq wkh zhoiduh wr
zrun surjudp lv
oT￿ ’ ￿ ￿e￿ n @ET. ￿T￿￿ +7,






￿ Dvvxplqj wkdw wkh fkdqfhv ri jhwwlqj d mre gr
qrw ghshqg rq dq| sdvw hyhqwv/ lw iroorzv wkdw ￿ ￿ ￿ ￿ e￿ lv qhfhvvdu|
iru sduwlflsdwlrq lq d yroxqwdu| zruniduh surjudp1 Li erwk qrw vklunlqj dqg
sduwlflsdwlqj lq wkh zruniduh surjudp lv rswlpdo/ +5, dqg +7, fdq eh vroyhg1
Zh rewdlq
T. ￿ T￿ ’
E￿ ￿ |￿￿ ￿ ￿ ￿ Ee ￿ e￿￿
o n @ n K
c +8,
oT￿ ’ ￿ ￿ e￿ n @
E￿ ￿ |￿￿ ￿ ￿ ￿ Ee ￿ e￿￿
o n @ n K
c +9,
oT. ’ E￿ ￿ |￿￿ ￿ e ￿ K
E￿ ￿ |￿￿ ￿￿ ￿Ee ￿ e￿￿
o n @n K
￿ +:,
Lqvhuwlqj +9, lqwr wkh qrq0vklunlqj frqglwlrq |lhogv
E￿ ￿|￿￿ ￿ ￿ n e ￿e￿ n
o n @ n K
^
e￿ +;,
Lqgxflqj zrunhuv qrw wr vklun uhtxluhv d kljkhu zdjh ￿ li wkh zhoiduh ehqh￿w
￿ lv kljkhu/ wkh udwh ri h{rjhqrxv vsolwv K lqfuhdvhv/ wkh udwh ri rewdlqlqj
d qhz mre @ jrhv xs/ wkh wd{ udwh | lqfuhdvhv/ wkh udwh ri wlph suhihuhqfh o
ulvhv ru wkh txdolw| ri vklunlqj ghwhfwlrq/ phdvxuhg e| ^/ idoov1 Wkh lqhtxdolw|
vkrzv wkdw E￿ ￿ |￿￿ ￿ e:￿ ￿ e￿ pxvw eh ydolg wr ghwhu vklunlqj1 Uhfdoolqj
+9, dqg +:,/ hpsor|hg zrunhuv zloo glvsod| d kljkhu h{shfwhg uhpdlqlqj olih0
wlph xwlolw| wkdq wkrvh ehlqj xqhpsor|hg dw dq| jlyhq srlqw lq wlph1 Wkxv/
xqhpsor|phqw lv lqyroxqwdu|1 Hpsor|hg zrunhuv hduq wkh lqirupdwlrq uhqw
o n @ n K
^ e gxh wr wkh idfw wkdw wkh vklunlqj ghfwhfwlrq whfkqrorj| lv lpshu0
ihfw/ l1h1 ^ lv ￿qlwh1
8Lq htxloleulxp/ wkh qxpehu ri hqwulhv lqwr xqhpsor|phqw lv htxdo wr wkh
qxpehu ri h{lwv=
@E￿ ￿ u￿’Ku￿ +<,
Vxevwlwxwlqj iru @ ohdgv wr










zlwk ￿ ’ ￿ ￿ u
￿ ghqrwlqj wkh xqhpsor|phqw udwh1 Wkh uljkw0kdqg vlgh ri
+43, lv htxdo wr ￿ ￿e￿ n o n K n ^
^ e dw u ’f 1 Lw lqfuhdvhv lq u dqg whqgv wr
lq￿qlw| li u $ ￿1
Li zrunhuv gr qrw vklun/ wkh uhsuhvhqwdwlyh ￿up zloo vhw lwv oderu lqsxw wr
wkh srlqw zkhuh wkh pdujlqdo surgxfw ri oderu lv htxdo wr wkh jurvv zdjh/
wkdw lv/ ￿ ’ 8 ￿Eu￿1 Xwlol}lqj wklv uhodwlrqvkls dqg wkh jryhuqphqw exgjhw
htxdwlrq
|8Eu￿’E￿ n 6￿E￿ ￿ u￿ +44,
vkrzv wkdw ihdvleoh doorfdwlrqv uhtxluh




E￿ ￿ u￿￿ +45,
Qrwh wkdw wkh uljkw0kdqg vlgh ri +45, zloo eh htxdo wr 8 ￿E￿￿ : f li u ’ ￿1
Pruhryhu/ surylghg wkdw 8Ef￿ ’ f/ dq hpsor|phqw ohyho uf 5 Efc￿￿ h{lvwv
zklfk vdwlv￿hv E￿ ￿ ￿ n 6
8Eu￿ E￿ ￿ u￿ ￿’f 1
6 Htxloleuld dqg Vwdelolw|
Dq htxloleulxp lv ghvfulehg e| dq hpsor|phqw ohyho wkdw vdwlv￿hv erwk wkh
qrq0vklunlqj frqglwlrq +43, zlwk htxdolw| dqg wkh ihdvlelolw| frqglwlrq +45,1
Iljxuh 4 ghslfwv wkh htxloleulxp frqglwlrqv1 Wkh qrq0vklunlqj frqglwlrq
krogv rq dqg deryh wkh fxuyh QVF/ zkloh wkh ihdvlelolw| fxuyh C glvsod|v wkh
exgjhw frqvwudlqw ri wkh jryhuqphqw frpelqhg zlwk wkh pdujlqdo surgxfwly0
lw| uxoh ri sd|1 Li wkh wzr fxuyhv lqwhuvhfw/ dqg li zh qhjohfw wkh srvvlelolw|










Lq Iljxuh 4/ wkh htxloleulxp u￿ lv xqvwdeoh1 Wkh ￿up lv zloolqj wr dffhsw
xqghuelgglqj e| xqhpsor|hg zrunhuv vkrxog d srlqw rq wkh fxuyh C ehwzhhq
u￿ dqg u2 eh uhdol}hg1 Dv d frqvhtxhqfh/ hpsor|phqw zloo lqfuhdvh dqg wkh
jurvv zdjh udwh zloo idoo1 Xqghuelgglqj zloo qr orqjhu eh dffhswhg dw u2 vlqfh
wkh qrq0vklunlqj frqglwlrq zloo eh ylrodwhg wkhq1
Frpelqlqj +43, +zlwk htxdolw|, dqg +45, vkrzv wkdw htxloleulxp hpsor|0
phqw kdv wr vdwlvi|













E￿ ￿ u￿ ￿’f c
zkhuh Y￿
Yu ￿ f lv d qhfhvvdu| frqglwlrq iru vwdelolw|1 Lq d vwdeoh htxloleulxp/
wkh QVF fxuyh fxwv wkh J fxuyh iurp ehorz1
:7 Frpsdudwlyh Vwdwlfv
Sursrvlwlrq 4 vxppdul}hv wkh lpsdfwv ri wkh sdudphwhuv rq htxloleulxp hp0
sor|phqw1
Sursrvlwlrq 4 Hpsor|phqw ghfuhdvhv zlwk d kljkhu vsolw udwh K/ d ulvlqj
wlph suhihuhqfh udwh o/ d vpdoohu vklunlqj ghwhfwlrq udwh ^ dqg d kljkhu glvx0
wlolw| ri zrun e1 Lw lqfuhdvhv zlwk d orzhu xqhpsor|phqw frpshqvdwlrq ￿/d
vpdoohu prqlwrulqj frvw 6 dqg d ulvlqj glvxwlolw| lq wkh zruniduh surjudp e￿￿
Surri1 Xwlol}lqj wkh lpsolflw ixqfwlrq wkhruhp/ lw iroorzv iru dq| sdudph0






￿ Wdnlqj lqwr dffrxqw wkh vx!flhqw
vwdelolw| frqglwlrq Y￿
Yu : fc dqg ljqrulqj wkh fdvh wkdw rqo| wkh qhfhvvdu|
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Wkh frpsdudwlyh vwdwlf uhvxowv duh hdvlo| xqghuvwrrg1 D kljkhu vsolw udwh/
d vwurqjhu suhihuhqfh iru suhvhqw frqvxpswlrq/ d ohvv h￿hfwlyh vklunlqj ghwhf0
wlrq whfkqrorj|/ ru d kljkhu h￿ruw uhtxluhphqw pdnhv vklunlqj pruh dwwudf0
wlyh1 Lq hdfk fdvh/ zdjhv kdyh wr eh lqfuhdvhg lq rughu wr uhvwruh lqfhqwlyhv
;wr h{huw h￿ruw1 Wklv zloo eh dvvrfldwhg zlwk d uhgxfwlrq lq hpsor|phqw1 Wkh
hohphqwv ri zhoiduh wr zrun kdyh wkh h{shfwhg lpsdfwv1 Frpsxovru| zrun
iru zhoiduh uhflslhqwv pdnhv wkh wkuhdw ri d glvplvvdo pruh vhyhuh/ zkhuh d
kljkhu xqhpsor|phqw frpshqvdwlrq zrunv lq wkh rssrvlwh gluhfwlrq1 Erwk
d kljkhu frvw ri prqlwrulqj dqg dq lqfuhdvlqj xqhpsor|phqw frpshqvdwlrq
kdyh wr eh ￿qdqfhg e| udlvlqj wkh wd{ udwh1 Vlqfh kljkhu wd{hv lqfuhdvh wkh
lqfhqwlyhv wr vklun/ zdjhv kdyh wr ulvh lq rughu wr frpshqvdwh iru wklv h￿hfw1
Frqvhtxhqwo|/ uhjxodu hpsor|phqw zloo ghfolqh1
Lq wkh iroorzlqj dqdo|vlv/ wkh qhw prqlwrulqj frvw 6 lv vhw wr }hur1 D
srvlwlyh frvw zloo reylrxvo| ohdg wr d pruh shvvlplvwlf hydoxdwlrq ri d zrun
reoljdwlrq1 Frqyhuvho|/ vkrxog ydoxhv fuhdwhg xqghu wkh surjudp rxwzhljk
wkh prqlwrulqj frvw/ wkh uhvxowlqj jdlq lv qrw wdnhq lqwr dffrxqw1
Vxssrvh qrz wkdw d ￿idlu zrun￿ surjudp lv lqwurgxfhg lq zklfk uhflslhqwv
sduwlflsdwh rq d yroxqwdu| edvlv1 Dvvxplqj wkdw zhoiduh iru wkrvh qrw zrunlqj
lv ￿{hg lq rughu wr fryhu wkhlu edvlf qhhgv/ wkh sduwlflsdwlrq suhplxp kdv
wr frpshqvdwh iru wkhlu glvxwlolw| ri zrun/ l1h1 ￿ ￿ e￿ ￿ ￿ pxvw krog1
Sursrvlwlrq 5 vkrzv wkdw wkh lqwurgxfwlrq ri vxfk d zhoiduh surjudp kdv
dgyhuvh frqvhtxhqfhv1
Sursrvlwlrq 5 Lqfuhdvlqj wkh frpshqvdwlrq iru zruniduh e| wkh vdph dprxqw
dv h￿ruw lq wkh zruniduh surjudp E_￿ ’ _e￿ : f￿ uhgxfhv hpsor|phqw1 Qhw
zdjhv idoo/ zkhuh wkh lqfuhdvh lq wkh wd{ udwh | grplqdwhv wkh ulvh ri wkh jurvv
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dffruglqj wr +8, dqg +;, zkhuh wkh odwwhu uhodwlrq krogv zlwk htxdolw|1 Gxh


















D idlu zrun srolf| zkhuh wkh zhoiduh ehqh￿wv ri wkrvh zkr gr qrw zrun
uhpdlqv wkh vdph zloo uhgxfh wkh ohyho ri uhjxodu hpsor|phqw1 Vlqfh wkh
sduwlflsdqwv lq wkh surjudp kdyh wr eh frpshqvdwhg iru wkh glvxwlol| ri zrun/
wkh wkuhdw ri xqhpsor|phqw wr wkh hpsor|hg zloo qrw lqfuhdvh1 Krzhyhu/
dgglwlrqdo wd{hv kdyh wr eh udlvhg wr ￿qdqfh wkh surjudp1 Wklv lqfuhdvhv
wkh lqfhqwlyhv wr vklun1 Khqfh/ ￿upv zloo udlvh wkh jurvv zdjh/ uhvxowlqj lq d
orzhu hpsor|phqw ohyho1 Gxh wr wkh ulvlqj vkduh ri wkrvh olylqj rq zhoiduh/
wkh plqlpxp qhw zdjh qhfhvvdu| wr ghwhu vklunlqj jrhv grzq1 Erwk d kljkhu
lqfrph wd{ dqg d kljkhu jurvv zdjh frqwulexwh wr orzhu qhw sur￿wv1 Vlqfh erwk
wkh fkdqfhv ri rewdlqlqj d uhjxodu mre dqg wkh qhw frpshqvdwlrq lq vxfk d mre
idoo/ wkh xwlolw| ri d zhoiduh uhflslhqw ghfuhdvhv1 Zkloh wkh ghfolqlqj qhw zdjh
orzhuv wkh xwlolw| gl￿huhqwldo ehwzhhq hpsor|hg dqg xqhpsor|hg zrunhuv/ wkh
vpdoohu fkdqfhv ri rewdlqlqj d qhz uhjxodu mre kdv dq rssrvlwh lpsdfw1 Lw
43wxuqv rxw wkdw erwk h￿hfwv r￿vhw hdfk rwkhu1 Wkhuhiruh/ wkh zrunhuv* qhw
orvv lq h{shfwhg olihwlph xwlolw| lv gulyhq e| d ghfuhdvlqj qhw frpshqvdwlrq1
Lqwurgxflqj wklv w|sh ri zhoiduh wr zrun srolf| kdupv zrunhuv/ hqwuhsuhqhxuv
dqg wkh xqhpsor|hg1
Dq reylrxv dowhuqdwlyh wr wkh rswlrq ri r￿hulqj d mre wr wkh zhoiduh uh0
flslhqw lv d srolf| lq zklfk wkh zhoiduh uhflslhqw lv reoljhg wr zrun1 Lq vxfk
d vhwwlqj/ lw lv qrw qhfhvvdu| wr frpshqvdwh wkrvh olylqj rq zhoiduh iru wkh
orvvhv gxh wr h{huwlqj h￿ruw lq d zruniduh surjudp1 Sursrvlwlrq 4 kdv do0
uhdg| vkrzq wkdw lqwurgxflqj d zrun uhtxluhphqw zloo ohdg wr d uhgxfwlrq lq
xqhpsor|phqw1
Sursrvlwlrq 6 Udlvlqj wkh zrun uhtxluhphqw iru zhoiduh uhflslhqwv e￿ gh0
fuhdvhv erwk wkh wd{ udwh | dqg wkh jurvv zdjh ￿1 Qhw sur￿wv ulvh1 Wkh olihwlph
xwlolw| gl￿huhqwldo T. ￿ T￿ uhpdlqv xqfkdqjhg/ zkhuh wkh xwlolw| ohyhov pryh
lq wkh vdph gluhfwlrq dv wkh qhw zdjh E￿ ￿ |￿￿1
Surri1 Vlqfh Yu
Ye￿



























Uhfdoolqj htxdwlrqv +8, dqg +<,/ dqg qrwlqj wkdw +;, zloo krog zlwk htxdo0
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Wkh lqfuhdvh lq hpsor|phqw lv dvvrfldwhg zlwk d orzhu pdujlqdo surgxfw
ri oderu/ lpso|lqj d uhgxfhg jurvv zdjh1 Wkh orzhu qxpehu ri lqglylgxdov
wdnlqj sduw lq wkh zruniduh surjudp doorzv wr fxw wkh wd{ udwh1 Ilupv ehqh￿w
iurp wkh orzhu jurvv zdjh dqg wkh orzhu wd{ udwh1 Frqvhtxhqwo|/ wkhlu qhw
sur￿wv pxvw lqfuhdvh1 Wkh lpsdfw rq wkh qhw zdjh/
YdE￿ ￿ |￿￿o
Ye￿
















lv dpeljxrxv lq jhqhudo dqg pdlqo| ghshqgv rq surshuwlhv ri wkh surgxfwlrq
ixqfwlrq dqg wkh frvw ri d zhoiduh uhflslhqw1 Li wkh pdujlqdo surgxfw ri
oderu uhdfwv lq d uhodwlyho| xqhodvwlf idvklrq wr d kljkhu oderu lqsxw/ wkh wd{
uhgxfwlrq lv wkh ghflvlyh lpsdfw/ lpso|lqj d ulvlqj qhw zdjh1 Frqyhuvho|/
li wkh pdujlqdo surgxfw ri oderu uhdfwv vwurqjhu/ zkloh ￿ n 6 lv qhjoljleoh/
wkh rxwfrph zloo eh lq wkh rssrvlwh gluhfwlrq1 Wkh xqhpsor|hg vx￿hu iurp
wkh dgglwlrqdo h￿ruw uhtxluhphqw1 Dw wkh vdph wlph/ wkhlu mre rssruwxqlwlhv
ehfrph ehwwhu1 Pruhryhu/ wkh qhw zdjh li wkh| jdlq hpsor|phqw fkdqjhv1
Hpsor|hg zrunhuv duh frqiurqwhg zlwk d yduldwlrq lq wkh qhw zdjh1 Zkloh
wkh wkuhdw ri xqhpsor|phqw lv pruh vhulrxv gxh wr wkh h￿ruw uhtxluhphqw
rq zhoiduh uhflslhqwv/ wkh lqfuhdvlqj fkdqfhv ri uhjdlqlqj hpsor|phqw zrun
lq wkh rssrvlwh gluhfwlrq1 Lw wxuqv rxw wkdw wkh olihwlph xwlolw| gl￿huhqwdo
uhpdlqv xqd￿hfwhg/ zkloh wkh qhw h￿hfw rq shulrg xwlolw| iru hdfk jurxs lv
jlyhq e| wkh fkdqjh lq wkh qhw zdjh1
Sursrvlwlrq 6 lqglfdwhv wkdw pdqgdwru| zruniduh surjudpv pd| ohdg wr
d Sduhwr lpsuryhphqw hyhq li uhtxluhg zrun lv erwk xqsurgxfwlyh dqg dvvr0
fldwhg zlwk frvwv ri dgplqlvwudwlrq dqg prqlwrulqj1 Vkrxog qhw zdjhv idoo/ lw
pd| vwloo eh wkh fdvh wkdw zhoiduh wr zrun zlqv d srolwlfdo pdmrulw|1 Iluvw/ wkh
uhvlgxdo lqfrph/ zklfk fdq eh lqwhusuhwhg dv fdslwdo lqfrph/ lqfuhdvhv1 Sur0
ylghg d vx!flhqwo| hyhq glvwulexwlrq ri zhdowk/ orvvhv lq zrunhuv* h{shfwhg
xwlolw| pd| eh r￿vhw e| jdlqv lq fdslwdo lqfrph1 Vhfrqg/ zrunhuv pd| wdnh
lqwr dffrxqw wkdw wkhuh lv d kljkhu fkdqfh wr eh dprqj wkh hpsor|hg lq wklv
45iudphzrun1 D zrunhu ghflglqj xqghu wkh yhlo ri ljqrudqfh/ l1h1/ zkhq kh grhv
qrw nqrz wkh uhdol}dwlrq ri klv hpsor|phqw vwdwxv/ pd| rsw iru zruniduh hyhq
li wklv lv dvvrfldwhg zlwk d xwlolw| uhgxfwlrq xqghu erwk srvvleoh hpsor|phqw
vwdwhv1
Krzhyhu/ li wkh yhlo ri ljqrudqfh dssurdfk lv qrw dssursuldwh/ wkh rxwfrph
fdq eh uhyhuvhg1 D Sduhwr lpsuryhphqw pd| qrw eh dfklhyhg e| wd{lqj
fdslwdo rq d oxps0vxp edvlv dqg uhglvwulexwlqj wkh surfhhgv htxdoo| dprqj
wkh zrunhuv hyhq li wkh kljkhu wrwdo surgxfwlrq rxwzhljkv wkh frvw ri wkh
zruniduh surjudp dqg wkh dgglwlrqdo h￿ruw ri wkh zrunhuv1 Wklv w|sh ri
uhglvwulexwlrq grhv qrw d￿hfw lqfhqwlyhv lq wkh prgho1 Qrwlqj wkdw wkh vkduh
ri zrunhuv hqmr|lqj wkh kljkhu xwlolw| ohyho lqfuhdvhv/ fdslwdo rzqhuv dqg erwk
hpsor|hg dqg xqhpsor|hg zrunhuv pd| orvh diwhu uhglvwulexwlrq kdv wdnhq
sodfh lq vxfk d vhwwlqj1
8 Frqfoxglqj Glvfxvvlrq
Wkh dqdo|vlv vxjjhvwv wkdw lqwurgxflqj d ￿idlu zrun￿ surjudp zlwkrxw kdup0
lqj wkh qrq0sduwlflsdqwv dprqj wkh uhflslhqwv zloo kdyh dgyhuvh frqvhtxhqfhv1
Li wkh sduwlflsdqwv duh frpshqvdwhg iru wkhlu glvxwlolw| ri oderu/ wkh lqfhqwlyh
h￿hfw ri wkh zrun uhtxluhphqw ydqlvkhv1 Lqlwldwlqj wkh surjudp lv dvvrfldwhg
zlwk d srvlwlyh frvw/ gulylqj wd{hv xs/ dqg hpsor|phqw dqg sur￿wv grzq1 Qhw
zdjhv zloo idoo ehfdxvh wkh kljkhu ulvn ri orqj0whup xqhpsor|phqw uhgxfhv
wkh lqfhqwlyhv wr vklun1 Wkhvh dgyhuvh frqvhtxhqfhv pd| h{sodlq zk| vrph
jryhuqphqwv derolvkhg vxfk surjudpv edvhg rq frrshudwlrq e| wkh zhoiduh
uhflslhqwv1
Wkh uhvxowv duh qrw wkdw fohdu li zhoiduh uhflslhqwv duh irufhg wr hqwhu wkh
zruniduh surjudp1 Zkloh lqwurgxflqj wkh surjudp djdlq kdv dgyhuvh h￿hfwv
jlyhq wkdw prqlwrulqj wkh sduwlflsdqwv lv frvwo| hyhq dffrxqwlqj iru ydoxhv
fuhdwhg xqghu wkh surjudp/ udlvlqj wkh zrun uhtxluhphqw kdv dq lqfhqwlyh
h￿hfw rq wkh hpsor|hg1 Xqhpsor|phqw ehfrphv ohvv dwwudfwlyh1 Wklv uhgxfhv
jurvv zdjhv/ ohdglqj wr d kljkhu ohyho ri hpsor|phqw1 Wkh idoo lq wd{hv pd|
r￿vhw wkh uhgxfwlrq lq wkh jurvv zdjh udwh1 Li wklv kdsshqv/ erwk hpsor|hg
dqg xqhpsor|hg zrunhuv hqmr| d kljkhu ohyho ri xwlolw|1
Wkh dqdo|vlv pd| vhuyh dv dq dowhuqdwlyh h{sodqdwlrq zk| zhoiduh uhirupv
wrzdugv zruniduh duh txlwh srsxodu/ zlwkrxw uho|lqj rq vfuhhqlqj/ dv lq wkh
rswlpxp wd{dwlrq dssurdfk/ ru rq sduwldoo| dowuxlvwlf suhihuhqfhv/ dv lq Pri0
￿ww +4<<<,1
46Ri frxuvh/ wkh dqdo|vlv qhjohfwv lpsruwdqw ihdwxuhv ri zhoiduh v|vwhpv1 Lq
sduwlfxodu/ lw grhv qrw wdnh lqwr dffrxqw vhohfwlrq lvvxhv1 Xvxdoo|/ wkh zhoiduh
srsxodwlrq lv qrw d udqgrp fkrlfh ri wkh zrun irufh/ exw vx￿huv iurp orz
txdol￿fdwlrq/ khdowk sureohpv dqg rwkhu xqidyrudeoh vrflr0hfrqrplf fkdudf0
whulvwlfv1 Khqfh/ lw zrxog eh ghvludeoh wr doorz iru khwhurjhqhrxv oderu1 Wkh
xqhpsor|phqw lqvxudqfh v|vwhp frxog eh wdnhq lqwr frqvlghudwlrq/ zkhuh
wkh vkruw0whup xqhpsor|hg kdyh ehwwhu fkdqfhv wr rewdlq d mre r￿hu wkdq
wkh zhoiduh uhflslhqwv1 Lw lv reylrxv wkdw lpsrvlqj vdqfwlrqv rq ￿xqhpsor|0
deoh￿ shrsoh wkurxjk pdqgdwru| zrun uhtxluhphqwv mxvw ohdgv wr kljkhu wd{hv
iru wkh hpsor|hg dqg xwlolw| orvvhv iru hyhu|erg|1 Surylghg wkdw wkh vl}h ri
wklv jurxs ri zrunhuv lv qrw qhjoljleoh/ lw vkrxog eh pruh gl!fxow wr lqwur0
gxfh d zruniduh surjudp wkdw hqkdqfhv zhoiduh ri hpsor|hg dqg hpsor|deoh
xqhpsor|hg zrunhuv wkdq lq wkh suhvhqw dqdo|vlv1
47Uhihuhqfhv
Ehvoh|/ Wlprwk| M1/ dqg Frdwh/ Vwhskhq1 ￿ Zruniduh yhuvxv Zhoiduh= Lqfhq0
wlyh Dujxphqwv iru Zrun Uhtxluhphqwv lq Sryhuw|0Doohyldwlrq Surjudpv1￿
Dphulfdq Hfrqrplf Uhylhz ;5 +Pdufk 4<<5,= 57<05941
Ehvoh|/ Wlprwk| M1/ dqg Frdwh/ Vwhskhq1 ￿Wkh Ghvljq ri Lqfrph Pdlqwhqdqfh
Surjudpphv1￿ Uhylhz ri Hfrqrplf Vwxglhv 95 +Dsulo 4<<8,= 4;:05541
Eodfnrue|/ Fkduohv/ dqg Grqdogvrq/ Gdylg1 ￿Fdvk Yhuvxv Nlqg/ Vhoi0Vhohfwlrq/
dqg H!flhqw Wudqvihuv1￿ Dphulfdq Hfrqrplf Uhylhz :; +Vhswhpehu 4<;;,=
9<40:331
Euhww/ Fudlj1 ￿Zkr Vkrxg Eh rq ZruniduhB Wkh Xvh ri Zrun Uhtxluhphqwv
dv Sduw ri dq Rswlpdo Wd{ Pl{￿ R{irug Hfrqrplf Sdshuv 83 +Rfwrehu 4<<;,=
93:09551
Fkdpehuv/ Urehuw J1 ￿Zruniduh ru ZhoiduhB￿ Mrxuqdo ri Sxeolf Hfrqrplfv
73 +Rfwrehu 4<;<,= :<0<:1
Frdwh/ Vwhskhq1 ￿Dowuxlvp/ wkh Vdpdulwdq*v Glohppd/ dqg Jryhuqphqw Wudqv0
ihu Srolf|1￿ Dphulfdq Hfrqrplf Uhylhz ;8 +Pdufk 4<<8,= 7908:1
Fx￿/ Ndwkhulqh1 ￿Rswlpdolw| ri Zruniduh zlwk Khwhurjhqhrxv Suhihuhqfhv1￿
Fdqdgldq Mrxuqdo ri Hfrqrplfv 66 +Iheuxdu| 5333,= 47<04:71
G|h/ Urqdog D1/ dqg Dqwoh/ Ulfn1 ￿Frvw0Plqlpl}lqj Zhoiduh Surjudpv1￿
Mrxuqdo ri Sxeolf Hfrqrplfv 63 +Mxo| 4<;9,= 58<05981
Hoozrrg/ Gdylg W1 ￿Dqwl0Sryhuw| Srolf| iru Idplolhv lq wkh Qh{w Fhqwxu|=
Iurp Zhoiduh wr Zrun 0 dqg Zruulhv1￿ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 47
+Zlqwhu 5333,= 4;:04<;1
Kdyhpdq/ Urehuw/ dqg Zroih/ Eduedud1 ￿Zhoiduh wr Zrun lq wkh X1V1= D
Prgho iru Rwkhu Ghyhorshg QdwlrqvB￿ Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh
: +Iheuxdu| 5333,= <804471
Pr!ww/ Urehuw D1 ￿H{sodlqlqj Zhoiduh Uhirup= Sxeolf Fkrlfh dqg wkh Oderu
Pdunhw1￿ Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh 9 +Dxjxvw 4<<<,= 5;<06481
Shfn/ Mdplh/ dqg Wkhrgruh/ Qlfrodv ￿cZrun Iluvw*= Zruniduh dqg wkh Uhjx0
odwlrq ri Frqwlqjhqw Oderu Pdunhwv1￿ Fdpeulgjh Mrxuqdo ri Hfrqrplfv 57
+Mdqxdu| 5333,= 44<046;1
Urvh/ Qdqf| H1 ￿Sxeolf Hpsor|phqw Surjudpv/ Zruniduh/ dqg Zhoiduh Uh0
irup1￿ Uhylhz ri Udglfdo Srolwlfdo Hfrqrplfv 66 +Mdqxdu| 5334,= 5;405;91
Vkdslur/ Fduo/ dqg Vwljolw}/ Mrvhsk H1 ￿Htxloleulxp Xqhpsor|phqw dv d Zrunhu
Glvflsolqh Ghylfh1￿ Dphulfdq Hfrqrplf Uhylhz :7 +Mxqh 4<;7,= 76607771
Vrorz/ Urehuw P1 Zrun dqg Zhoiduh1 Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv/
4<<;1
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